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Abstract: To achieve a low-carbon economy, China has committed to reducing its carbon
dioxide (CO,) emissions per unit of gross domestic product (GDP) by 40%—45% by 2020
from 2005 levels and increasing the share of non-fossil fuels in primary energy consumption
to approximately 15%. It is necessary to investigate whether this plan is suitable and how
this target may be reached. This paper verifies the feasibility of achieving the CO;
emission targets by energy and industrial structure adjustments, and proposes applicable
measures for further sustainable development by 2020 through comprehensive simulation.
The simulation model comprises three sub-models: an energy flow balance model, a CO,
emission model, and a socio-economic model. The model is constructed based on
input-output table and three balances (material, value, and energy flow balance), and it is
written in LINGO, a linear dynamic programming language. The simulation results suggest
that China’s carbon intensity reduction promise can be realized and even surpassed to 50%
and that economic development (annual 10% GDP growth rate) can be achieved if energy
and industrial structure are adjusted properly by 2020. However, the total amount of CO;
emission will reach a relatively high level—13.68 billion tons—which calls for further
sound approaches to realize a low carbon economy, such as energy utilization efficiency
improvement, technology innovation, and non-fossil energy’s utilization.
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1. Introduction

Between 1979 and 2007, the Chinese economy grew at an average annual rate of 9.8% [1].
As economic growth has increased, environmental pollution problems have become serious in places
where social and political stability are at risk [2]. By 2005, China’s CO; emission caught up with and
surpassed that of the United States in five years rather than the 15-20 years projected by most forecasts
published as late as 2004 [3]. With a large population, rapidly expanding economy, and heavy
reliance on coal, China’s CO, emissions are expected to continue growing in the years ahead.

CO, emission is a worldwide problem, and solving this environmental problem in China will be
expensive. According to an estimation, the cost of outdoor air and water pollution to China’s economy
totaled approximately 5.8% of China’s GDP [4]. Accordingly, the Chinese government gave a high
priority to environmental protection, particularly to reducing the CO, emission to alleviate the
environment risks for China and the rest of the world. China said it would do its best to reduce its CO,
emissions per unit of GDP by 40%-45% from the 2005 levels by 2020 and increase the share of
non-fossil fuels in primary energy consumption to approximately 15% [5].The targets that China has
set are of major consequence and, if met, will make a significant contribution to international
mitigation efforts.

China is expending great effort to become a so-called low-carbon society, which refers to low
carbon emissions with a high quality of life and suitable economic development [6]. China will face
great challenges in implementing these policies. Although the national intensity reduction target is
clearly set, how this target should be allocated to the various sectors has not yet been determined [7].

There is a great deal of research focused on the Chinese government’s ambitious goal, particularly
with regard to CO, emission forecasts for 2020. Some have estimated the CO, emission using sector
studies, energy structure analysis, regional distribution, etc. to find the optimal approach to the Chinese
targets. This paper aims to investigate verifies the feasibility of achieving the CO, emission targets by
energy and industrial structure adjustments, and proposes applicable measures for further sustainable
development by 2020 through comprehensive simulation.

Proper and reliable forecasting of the CO, emission and socio-economic development should be
based on a comprehensive system with thorough consideration of the current situation. We will introduce
the current CO; emission situation in China in the following section.

1.1. Overview of China’s Energy Structure

China’s energy production is increasing significantly along with high-speed economic development
(Figure 1). In 2010, the total amount of energy production in China was 2969 million tons of standard
coal equivalents (TCE). Among the four types of energy resources, coal still occupied the largest part
of the energy supply, approximately 76.5% in 2010. The proportion of non-fossil energy in energy
production increased yearly from 7.5%-9.4% in 2006-2010. Along with encouraging clean energy
utilization in China, the proportion of non-fossil energy will be further increased.



Sustainability 2013, 5 5083

Figure 1. The total amount of energy production and structure trends from 2006-2010

in China [8].
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The total amount of energy consumed in 2010 was 3249 million TCE, as shown in Figure 2.
Coal was the most important energy resource [9], representing approximately 68% of the total primary
energy use, with the remainder being oil and, to a much lesser extent, non-fossil energy and natural
gas. The proportion of oil supply is increased significantly due to large oil imports. Additionally,
Figure 2 illustrates that the ratio of non-fossil energy to the total energy supply has constantly
increased. There was 280 million TCE’s energy imported from abroad, accounting for 9% of the 2010
total energy consumption. Imported energy, mainly oil, contributed significantly to China’s energy
consumption. Because it is largely dependent on imported oil, China’s energy consumption structure
faces supply risks in the world market.

Figure 2. The total amount of energy consumed and structure trends from 20062010
in China [8].
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Large pollution problems, especially greenhouse gases (GHG) (including CO,, CH4, N,O), are
related to coal use. Non-fossil energy cannot only improve the energy structure’s stability but also
reduce GHG gas emissions. An energy supply and demand structure shift from coal to clean energy
can reduce CO; emissions significantly. Therefore, the Chinese government proposed lots of plans to
prompt non-fossil energy utilization in the coming years.
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1.2. Overview of China’s Industrial Structure Changes

China’s GDP increased from 20,631 billion CNY to 39,798 billion CNY with an annual rate of
increase of 11.22% from 2006-2010 (Figure 3), and the industrial structure changed significantly in
this period. In 2010, the proportion of tertiary industry was 43.1%, while primary industry was 10.1%,
and secondary industry was 46.8%.

Figure 3. China’s industrial production from 2006-2010 [8].
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In 2010, Chinese energy consumption is 3249 million TCE in total. Figure 4 demonstrates that
secondary industry was the major energy consumer in China, constituting 71% of the total energy
consumption. Tertiary industry only consumed approximately 16% of the total energy, while its
product was nearly equal to that of secondary industry. Secondary industry had greater energy
consumption and higher CO, emission than other industries. A higher growth rate, especially if
accompanied by a more rapid shift to higher value manufacturing and services, would help achieve
China’s carbon intensity target.

Figure 4. The energy consumption structure and amount in China in 2010 [8].
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1.3. Overview of China’s CO, Emission

As shown in Figure 5, China became the highest CO,-emitting country in 2005 according to the
World Bank database [10]. Additionally, CO, emissions reached 7031 million tons in 2008, which is
much higher than expected described in various studies. Furthermore, the total CO, generation is not
declining observed from the CO,-emitting trend.
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Figure 6 further shows the 2005 Chinese GHG gas emission structure. CO, was the largest GHG
composter, accounting for 90.5% of total GHG emissions. To reduce GHG emissions, the CO;

emission target should be met first.

Figure 5. The major CO,-emitting countries from 2002-2008 [10].
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Figure 6. The Chinese greenhouse gas (GHG) emission structure in 2005 [10].
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As shown in Figure 7, the carbon intensity of China was 313 tons/million CNY, and it has
decreased significantly each year from 2005. The carbon intensity was reduced to 224 ton/million
CNY in 2010. According to the government plan, the carbon intensity should be reduced by 40%-45%
compared with the 2005 level. This reduction would result in a 2020 carbon intensity of 172—188
ton/million CNY. This study is based on the assumptions used to predict the GDP and CO, emission
trends from 2008 to 2010.

Figure 7. The carbon intensity in China from 2002-2008.
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The CO, emission intensity per GDP (CO,/GDP) is a key indicator of the energy mix, economic
efficiency and energy efficiency of one country; the measure has gained much attention from the
scientific community and national governments in recent years [11]. Chinese researchers [12,13] all
maintain that the per capita accumulated emission is the best way to represent the principle of
“common but differentiated responsibility” and the rule of equity and integrity as they pertain to
emissions reduction among developed and developing countries. In this study, we also utilized the
carbon intensity as the key indicator in our simulation to provide the optimal policy proposals.

1.4. Research Purposes

Energy consumption and related CO, emissions are increasing rapidly to support China’s rapid
economic development and industrialization. Based on the current situation analysis, we can see that
there are several problems in the energy supply, energy consumption, and industry development
structures [14,15].

Using policy instruments is essential for achieving the intensity reduction target [16]. However,
proposing a suitable government plan for energy and industrial structure adjustment is the most
important to effectively achieve the development targets. Various policies exist to pursue these
low-carbon society targets, including industrial structural adjustment, by optimizing energy utilization
and the CO, emission structure, implementing technical improvements, enhancing the management,
and deepening reform in energy pricing and policies [13].

Among the various approaches to achieving a low-carbon economy, policies concerning energy and
industrial structure adjustment are considered to be the most important and efficient [17,18]. It is
urgent to restructure the primary, secondary and tertiary industries to accelerate service sector development
and increase non-energy intensive and low CO, emitting industries to optimize energy utilization
structure and achieve the Chinese government’s targets. An industrial and energy structure adjustment
cannot only accelerate economic development, but also reduce the carbon intensity. These optimal
industrial and energy structure adjustments are essential for national development and are the most
important policy-making basis.

This study is based on this consideration and aims to solve the following problems. First, it will
determine whether achieving China’s CO, emission and energy structure targets and developing the
economy are feasible. Second, it will provide an applicable approach for China to achieve the dual
targets of a low-carbon society and socio-economic development given a heightened awareness of
balancing economic growth with environment protection. Finally, it will provide a policy-making
foundation for future Chinese sustainable development.

This study adopted the dynamic optimization simulation method with the LINGO language
programming to precisely reflect the comprehensive socio-economic and environmental systems. This
model can simulate the optimal energy supply and demand structure adjustments to maximize the GDP
from 2008—-2020 under the carbon intensity and CO, emission limits set by the Chinese government.
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2. The Methodological Approach
2.1. Simulation Methods and Previous Research Results

There are various studies that estimate China’s CO, emission and energy supply structure trends in
the next 10—40 years. Trend extrapolation can indicate whether a country is on course to meet its
carbon intensity targets. Among these studies that use various research models and methods, the most
illustrative research includes a report published by the Grantham Institute [19] written for the China
National Energy Strategy and Policy [20], the International Energy Agency (IEA) [21,22], efc.

In most studies, China’s GDP was assumed to maintain a high annual increase rate between 5% and
8.8% [23]. The China National Energy Strategy and Policy estimated that, by the end of 2020, China’s
GDP will quadruple to 36 trillion CNY and the population will be controlled to within 1.5 billion. In
the Grantham Institute’s Report, the Chinese economy is projected to grow at 8.8% per annum from
2009-2015 and then at 5.3% from 2015-2020. Furthermore, it stated that China can achieve a
reduction in its carbon intensity of 38% by 2020 and that further effort would be required to reach the
(40%—45%) target range. Other studies predicted that China’s CO, emissions will exceed 8 billion [20]
or 10 billion tons [21] by the 2020s. Additionally, other simulation methods have been used to predict
the economic and energy resource demand trend for China in the next 10 years, such as bottom-up
analysis [23] and the LEAP [24], DITS-MEM [25], and MARKAL models [9]. By comparison, the
published scenario literature, while technology and policy rich, lacks transparency regarding the many
assumptions and model construction foundations.

It is important to forecast CO, emission to establish the optimal development policies to achieve a
low-carbon economy. However, most of the studies and approaches to date provide no insight into the
comprehensive socio-economic systems in the simulations. Comprehensive simulation model optimization
should be an integrated system in simulation model construction that should consider every factor that
will impact the CO, emission, energy consumption, and industrial development. These factors work
and interact with each other to constrain or accelerate their effects on social development. Focusing
solely on sector development, regional distribution, or energy structure adjustment cannot precisely
simulate a real society’s trends and therefore cannot provide convincing and effective solutions to
achieve China’s targets.

Furthermore, the economic development and energy consumption predictions in these studies
under-estimated the development rate in China. For example, the maximum CO, emission in these
studies is only approximately 10 billion tons in 2020, however, the CO, reached 7032 million tons by
2008 and that trend is apparently increasing. Therefore, to reasonably predict the energy demand and
CO; emissions in the coming years, we need to utilize the latest data for our simulation. This is the
only way we can propose the optimal policy guidance for the Chinese government.

This study aims to construct an original comprehensive simulation model to predict the energy and
industrial structure and CQO, emission trends based on the latest data and consideration of the
comprehensive simulation system. Additionally, detailed information on the model construction,
parameters, and assumptions will be given.
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2.2. Research Method

This study will first build a comprehensive simulation model system to forecast the CO, emission
based on an input-output table and balances simulating social, economic, and environmental developments.
There are three balances in the simulation model: a material flow balance, a value flow balance and an
energy flow balance [26]. These simulation models consider many key drivers, such as population
growth, GDP growth, energy consumption, and the existing individual sub-sectorial policy targets.

Because the comprehensive simulation model contains many variables and constraints, the dynamic
linear programming procedures for solving optimization models are often the most efficient ways to
provide a basis for policy-making [27]. The comprehensive simulation model can precisely estimate
the impacts that may result from energy structure and CO, emission decisions. Based on these
considerations, this study utilized an optimization simulation model, which is accomplished by
dynamic linear LINGO programming, to evaluate the adjustments of energy and industrial structure to
achieve carbon intensive reduction targets along with optimized economic development in China.

LINGO (developed by the LINDO Company) is a comprehensive tool designed to make building
and solving linear, nonlinear, quadratic, and integer optimization models faster, easier and more
efficient. LINGO provides a complete modeling environment to build, solve, and analyze models and
includes a powerful language for expressing optimization models, a full featured environment for
building and editing problems, and a set of fast built-in solvers [28]. Several studies have utilized this
modeling and programming method, and they proved that the method is effective in precisely forecasting
socio-economic and environmental development and is reliable and practical to form a basis for
policy-making [29]. Therefore, we adopted LINGO to establish the dynamic simulation in our research.

The simulation model is originally constructed based on previous literature and is established by the
linear programming method LINGO. We aim to effectively simulate the socio-economic and
environmental reality.

2.3. Simulation Model Concept

This comprehensive simulation model contains one objective function and three sub-models
(an energy flow balance model, a CO, emission model, and a socio-economic model). The time span
of this simulation is from 2008—2020. Data are collected from the China Statistical Yearbook (2008),
Input-Output Table of China (2007), energy statistical yearbook of China (2008), efc.

As demonstrated in Figure 8, the objective function maximizes the GDP, and this objective is under
carbon intensity limits and industrial input-output constraints. These three sub-models worked together
to achieve the optimal economic development under carbon intensity constraints, and reacted with
each other to get the suitable development interiorly. The energy flow balance model considers the
energy consumption balance, while the energy demand is determined by industrial production.
The CO; emission model reflects the CO, generation flow from industry, residential consumption, and
other forms of energy utilization in society. The socio-economic model is a value flow balance model
that includes industrial development, capital changes, imports, efc. The socio-economic model is
constructed based on the China input-output table in 2007; industries’ development must obey
inter-industry constraints provided by the input-output balances.
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Concerning sector classification, this study adopted the traditional three-industry division to
compare the national industrial structure changes (shown in Table 1). The energy sector will be
specifically introduced as a new integrated sector to specify the energy balance; also, six types of
energy resources (coal, natural gas, oil, hydro power, nuclear power, and other new energies) are
considered in this simulation to classify the energy consumption trends.

Figure 8. Simulation model framework.
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Table 1. Classification of sectors.

Sectors Explanation
Primary industry Industries that are involved in raw material development and production
Secondary industry Industries involved in the manufacture of goods
. Industries that provide transportation or finance rather than
Tertiary industry . . .
manufacturing or extracting raw materials
The energy sector will be introduced as a new sector that will include
Energy industry in the simulation all the industries related to the energy production and

consumption in 2008

The major constraint of this simulation is carbon intensity; the carbon intensity index upper limit is
based on the 2005 carbon intensity. In 2005, the carbon intensity of China was 313 ton/million CNY;
it should be reduced to 188172 ton/million CNY in 2020 according to the Chinese government plan.
Based on this assumption, we set the upper limit of carbon intensity in 2020 as 188 ton/million CNY.
Furthermore, the carbon intensity is assumed to decrease yearly from the 2007 level (255.51 ton/million CNY).

Based on the comprehensive evaluation model, this model aims to include most of the important
factors that will impact the construction of a low-carbon society. The other factors include population
changes, consumption, depreciation, capital changes, etc.

3. Simulation Modelling Formulation

In the simulation model, the decision variables can be classified into two types: endogenous (en)
and exogenous (ex). The exogenous variables are calculated based on current data, and the values are
given in the appendix (some are basic data for parameters’ calculation); the endogenous variables will
be determined by simulation. The time span (t) is 13 years, from 2008—2020.
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3.1. Objective Function

The objective of this simulation is to maximize China’s GDP; accordingly, the objective function
can be formulated as follows:

MAX " GDP(1) (1)
GDP() =3 (1= 3 4,) X, (1) 2

where, X,(?) is the total production from industry n (n = 1, Primary industry; n = 2, Secondary
industry; n = 3, Tertiary industry; n = 4, Energy industry) (en); A, is the input-output coefficient
matrix (ex).

Because the new energy industry that contains six energy consumption sources will be introduced
in this simulation model, the value-added ratio is not stable in each sector; it will change along with the

. . 4 .
price rate in each year. Therefore, we adopted (1- Y 4,,,) to demonstrate the value-added ratio and

mn
m=1

calculate the accurate GDP amount.
3.2. Energy Flow Balance Model

The energy demand is determined by normal industry production (X,(?)) and residential activities.
Energy supply comes from six sources: coal, oil, natural gas, hydropower, nuclear energy, and other
new energies. The total amount of energy supplies the energy needs for socio-economic activities.

EDT(t) = iEcn X, )+ Ecr-Z(¢) 3)
n=l1
EST(t)=ec- X,(t) = iEcm - X.(0) 4)
e=l1
EDT(t) < EST(¢) (5)

EDT{(1) is the energy demand or consumption of China at time t (en); EST(?) is the energy supply of
China at time t(t). Generally, the energy supply must be larger than the energy demand. The energy
supply is supported by six energy sources. X,(?) is an energy industry’s production at time t (e = 1,
coal; e = 2, oil; e = 3, natural gas; e = 4, hydro power; e = 5, nuclear power; e = 6, other new energy) (en).

Ecn and Ecr is the energy demand coefficient of the industry X,(?) and population Z(?), respectively (ex);
ec 1s the coefficient of the total energy supply to the energy industry’s production X(?), and Ecm is the
distinct coefficient of the six types of energy supply sources to their production (ex). The coefficients
used in this simulation are calculated based on 2007 data.

3.3. CO,—Emission Model

The CO, emission model demonstrates the CO, generation ways, including industry’s activity,
energy supply, and residence consumption.

COz(t)ziAcran(t)—k iAce-Xe(t)wLAcr-Z(t) (6)

n=1 e=1
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Where CO,(?) is the amount of Chinese CO, emission at time t (en); the total CO, emission
is determined by the industry production, six types of energy utilization, and residential consumption
at time t.

Acn, Ace, and Acr are the CO, emission coefficients of industry production, energy utilization, and
population, respectively (ex).

The carbon intensity should be limited to the constraint as follows:

CO,(t)/GDP(t) <CR_upper(2007) (7)
CO,(t)/GDP(13) < CR _lower(2020) (8)

The carbon intensity is defined as CO,(?)/GDP(t), and should be less than the upper limit of the
carbon intensity in 2007 (255.51 ton/million CNY), and declines each year from 2008-2020.
Specifically, the carbon intensity in 2020 (¢ = 13) should be no larger than 188 ton/million CNY, based
on the assumption set previously.

3.4. Socio-Economic Model

Equation (9) is the output flow balance equation for the commodity market. The industrial
production model is defined based on the input-output constraints:

X, (02 4,X,0O+C,0O)+G,(O)+1,O)+E,(6)-M, () )

Where X,(t) should obey the output balance between the industries, residential consumption
(Cu(1), en), government consumption (G,(?), en), investment (1,(2), en), export (E,(?), en), and import
(My(1), en).

P, (0)-X,@) < B,0)A4,,X,)+B,0)Y,,0)+ F,(0)d, )+ F,(O)T, () + F,(1)S, (1) (10)
0.1<P,(t)<10 (11)

Equation (10) is the input flow balance equation for the commodity market. The industrial
production is influenced by the price rate in each year P,(?) (en) (i.e., industry’s price fluctuation
compared with the initial year). Specifically, the price rate should be limited in the range of 0.1-10,
because fluctuation of the price rate will impact on the whole economic development significantly.
Each industry’s production should be constrained by the inter-relation between the input of industry,
compensation of employers (Y;,(?),en), depreciation of fixed capital (d,(2), en), net taxes on production
(Tu(1), en), and operating surplus (S,(2), en).

There are constraints on these indices above; specifically, we will introduce the depreciation of
fixed capital (d,(2), en)calculation.

dn(t):drn 'Kn(t) (12)
Xn(l‘)San-Kn(I) (13)

K,(=(~dr) -K,(~D+1,0) (14)
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Where the depreciation of fixed capital (d,(?)) is the depreciation rate of each industry (dr,, ex)
multiplied by its production; the industry production should also obey the industry capital (K,(?), en)
constraint and capital-output ratio a,(en). The industry capital is accumulated capital; it contains the
industry capital at time t minus the capital depreciation at time t—1 plus the annual investment at time t.

Zat+)=(1+r)-Z(t) (15)

Population Z(#) (en) is calculated based on the previous year’s population and the annual population
increase rate r (r = 0.57%, ex). In 2007, the population of China is 1321 million.

These are the socio-economic activities in the simulation. Overall, it is an integrated system for
forecasting the CO, emissions and energy utilization in China and contains various indicators, such as
population changes, industry capital and production development, and CO, emission coefficient.

4. Simulation Results, Analysis and Discussion

Established using computer simulation, the forecast total GDP, industrial structure changes, energy
supply and demand structure, and carbon intensity trends can be demonstrated according to the
simulation results.

4.1. Carbon Intensity

Based on the simulation results, China’s GDP can steadily increase from 2008—2020 under
the constraints of carbon intensity combined with energy structure and industrial structure adjustment
as shown in Figure 9. In 2008, the estimated GDP is 26,012 billion CNY, which is lower than the
actual value in 2008 (31,045 billion CNY), because the 2008 carbon intensity value of the simulation
is stricter than reality. However, the GDP increasing rate is higher after 2010 due to the energy and
industrial structure adjustment in 2010. Here, we have to mention that the estimated GDP are
consistence with the actual GDP from 2008-2010 (3%—20% discrepancy), it is applicable to use our
simulation results to reflect economic-energy-carbon emission developing trends. In 2020, China’s
GDP reached 87,404 billion CNY, which is greater than triple the 2008 value. The profound increase
in China’s GDP is found to be possible under the CO, emission limitations imposed by simulation.
The annual GDP growth rate is 10.27%. While the actual data on the annual GDP growth rate in China
are 18%, 8%, and 17% in 2008, 2009, and 2010, respectively.

Figure 9. China’s GDP trend from 2008-2020.
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In the simulation, Chinese CO, emission should increase yearly. Figure 10 shows that the CO,
emission increases from 6.8 billion tons in 2008 to 13.68 billion tons in 2020. The CO, emission
increase rate is 6.04% in average each year. Large amount of CO; emission cannot avoided along with
high-speed economic development. However, if 13.68 billion tons of CO, is emitted, it will threaten
the whole world environment and climate change. Also, we noticed that this total emission amount
is caused by more than 10% GDP increase rate along with government set energy structure changes
by 2020.

Figure 10. The CO; emission and carbon intensity trend of China from 2008-2010.
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This simulation shows that China can further decrease the carbon intensity by 50% in 2020 from the
2005 levels; this reduction is even lower than the Chinese government plan (40%—45%). Even though
the carbon intensity in China can be reduced significantly and continuously by 2020, the presence of a
large CO, emission cannot be neglected. According to a report of regional CO, emission reductions for
the BLUE Map scenario [30], the baseline global CO, emissions in 2050 are 57 billion; China’s CO,
emission will still be the largest worldwide. China should also pay attention to the total amounts of
CO; emission when pursuing a low-carbon society.

However, the carbon intensity in 2020 calculated in the simulation is less than government targets.
Additionally, the Chinese government plan to decrease the carbon intensity to 172—188 ton/million
CNY can be achieved in 2016 according to the simulation. This demonstrates that under the 40%—-45%
carbon intensity constraint, industrial structure and energy structure adjustment can effectively
improve economic development while pursuing a low-carbon society. Even through the carbon
intensity target can be achieved according to our simulation, we can see from the results that there are
much more potential for China to reduce its carbon intensity and carbon emission.

Reduction by half in the carbon intensity is found to be achievable with a 10.27% economic annual
growth rate from 2008-2020. This implies that, even though it is a large step-forward for China to
achieve a low-carbon society, this attempt can be effectively established with the countermeasures we
put forward. However, this simulation also implies that perhaps local governments also need a
quantitative CO, emission measurement standard to control the total emission in China and achieve
more efficient improvement.

4.2. Energy Structure Adjustment

To achieve the dual targets of a low-carbon society and economic development, the energy
consumption structure should be changed because it is the major factor impacting the CO, emission.
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China proposed many approaches to reduce coal consumption because over 70% of the energy is
produced by coal, which has the highest CO, generation among energy sources. Meanwhile, China
also wanted to increase the percentage of energy from non-fossil sources progressively to 15%. Energy
is necessary for economic development; industry cannot develop without energy supply.

In this simulation, the non-fossil energies’ proportion of energy supply is found to reach as high as
17% of the total energy supply; this percentage is also higher than the government target (15%).
At the same time, coal’s proportion is reduced accordingly. In 2020, the proportions of coal, oil,
natural gas, hydropower, nuclear power and other new energies will be 56%, 15%, 12%, 8%, 6%,
and 3%, respectively.

Energy consumption is influenced by industrial development and the CO, emission constraints.
Along with high economic development, the total energy consumption increases; however, limited by
the carbon intensity constraints, clean energy needs to substitute fossil energy gradually to lower each
industry’s CO; emission coefficient (as depicted in Figure 11). However, we need to mention that the
total amount of energy increased sharply after 2015 due to high economic development. If we can
further improve the energy production and utilization technologies after 2015, the carbon emission
intensity and energy intensity can be improved further, therefore, there is potential for China to achieve
a more efficient low-carbon society. The energy structure adjustment is proved to be effective when
achieving low carbon emission and high economic development.

Figure 11. The Chinese energy supply structure trend from 2008—2020.
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4.3. Industrial Structure Adjustment

Figure 12 shows that the total amount of industry production increased significantly from 20082020,
from 7890 billion CNY to 197,964 billion CNY. There is a huge production increase in China,
especially for the tertiary industry.

In 2008, the three industries structure was 12:56:32, and shifts to 4:39:57 in 2020. Industrial
structure changes can contribute greatly to the CO, emission and energy consumption. The tertiary
industry has a lower CO, emission coefficient compared with primary and secondary industry and has
a high added value. Therefore, the concentration of industry will shift from the secondary industry to
the tertiary industry. The primary industry as the guarantee for necessary living remains stable from
2008-2020.

A large increase of tertiary industry’s proportion in China’s industrial structure cannot be easily
realized as the simulation suggest by 2020 in real society. However, it is essential to prompt service
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sectors’ development for low-carbon economy. Furthermore, it is feasible to accelerate the tertiary
industry to be the pillar industry in China according to the government plan. Further approaches to
accomplish high speed increases of tertiary industry are needed.

Figure 12. The Chinese industrial structure and production trends from 2008—2020.
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It is necessary to reconstruct the industrial structure not only to limit CO, emission but also for the
life quality improvement in China, which has a high rate of economic development and low life
standards; the service-dominant tertiary industry will be essential to China’s societal development in
the long term.

Although we considered nearly all of the most important factors that impact on CO, emission and
economic development, there are some aspects that still need to be considered in this comprehensive
simulation model in the future, such as technology innovation impacts and different kinds of clean
energy’s influences on CO; emission and GDP contribution. These call for further improvement of the
comprehensive simulation model construction and accomplishment of our research.

5. Conclusions

To achieve the reduction target, prioritizing economic development while also emphasizing an
environmental development strategy might be successful. The simulation proved that it is necessary to
achieve all the targets needed to establish low-carbon economy.

This study elucidated the following points. First, we developed a method for evaluating and
estimating a low-carbon society scenario by considering the comprehensive economic and environment
system. This method was applied to China from 2008-2020, and the simulation results proved that
China could even exceed its low-carbon economy targets when adopting the countermeasures
described in this study. China can reduce its carbon intensity by 50% in 2020 compared to 2005 with
10.27% per year economic growth.

Second, we utilized this comprehensive simulation method to verify the Chinese low carbon society
targets. The carbon intensity can be reduced to 156 ton/million CNY in 2020, or 50% of that in 2005.
This carbon intensity decrease not only contributes to the CO, emission constraints but also contributes
substantially to energy intensity and efficiency improvement. In this case, China’s GDP can also
undergo a rapid improvement with an annual development rate of 10.27%. The total GDP will achieve
87,404 billion CNY. Compared with the actual China data from 2008-2010, the simulation results are
found to properly reflect the real society. To achieve the controversial GDP increase targets and carbon
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intensity reduction, the energy structure and industrial structure need to be continuously restructured
from 2008-2020. In 2020, if the non-fossil energies’ proportion reaches 17% and the industrial
structure becomes 7:35:57, China’s economy and CO, emission will achieve the goals established above.

Third, we found out that even though China’s carbon intensity targets can be achievable when
adjusting energy structure and industrial structure, the total amount of carbon emission will be 13.68
million tons by 2020 along with rapid economic development. China’s pursuit of a low-carbon society
should not neglect the importance of total emission amount control.

Therefore, this study maintains that energy structure and industrial structure adjustments indeed will
be beneficial for low carbon economy; there is still large potential for China to reduce carbon intensity
further; if we invest more efforts in technology updates and developing the clean energy supply, China
can achieve sustainable development much more effectively. Furthermore, we propose to use the total
amount of CO, emission together with carbon intensity as the targets for the Chinese government.

This comprehensive evaluation model can be used to forecast environmental and economic changes.
In this manner, it is possible to achieve not only the CO, emission targets but also control of the energy
and industrial structure to facilitate the development of the economy. The solution proposals provided
by simulation can be a practical and an effective basis for policy-making of the Chinese government,
and it will provide both a reference and a basis for future national policy-making at various levels to
control carbon emission and carbon intensity. This integrated environment policy evaluation and
estimation approach can be easily applied to regions with serious environment problems, and it is
especially effective for developing countries, which intend to achieve large economic growth in the
next few decades. Further research is attempting to propose optimal sustainable development plans for
a Chinese low carbon society, as well as air pollution control in North-East China.
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Appendix
Table Al. Energy production of China from 2006 to 2010.
Year Amount of energy production Ratio (%)
(Million TCE) Coal QOil Natural gas Non-fossil energy
2006 2,321.67 77.8 11.3 3.4 7.5
2007 2,472.79 77.7 10.8 3.7 7.8
2008 2,605.52 76.8 10.5 4.09 8.62
2009 2,746.19 77.3 9.9 4.1 8.7
2010 2,969.16 76.5 9.8 4.3 9.4
Table A2. Energy consumption of China from 2006 to 2010.
Year Amount of energy production Ratio (%)
(Million TCE) Coal QOil Natural gas Non-fossil energy
2006 2,586.76 71.1 19.3 2.9 6.7
2007 2,805.08 71.1 18.8 33 6.8
2008 2,914.48 70.3 18.3 3.7 7.7
2009 3,066.47 70.4 17.9 3.9 7.8

2010 3,249.39 68 19 4.4 8.6
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Table A3. CO, emissions (Million ton).

Country 2002 2003 2004 2005 2006 2007 2008
China 36,942.42 45,251.77 52,881.66 57,900.17 64,144.63 67,918.05 70,319.16
United States  54,378.16  54,717.54 55,638.00 55,953.58 55,147.76 55,815.37 54,610.14
India 12,267.91 12,819.14 13,465.96 14,111.28 15,043.65 16,123.84 17,426.98
Japan 12,167.62 12,372.42 12,596.59 12,381.88 12,317.71 12,511.88 12,081.63
Russian 15,371.95 15,849.98 16,029.63 16,156.84 16,696.03 16,675.76  17,086.53
Germany 8,309.09 8,356.58  8,285.22 8,09597  8,118.81  7,872.35 7,866.60

Table A4. Input-Output coefficient A and value-added ratio of four sectors in 2007.

A Primary Secondary Tertiary Energy

Primary 0.14066 0.04572 0.01325 0.00002
Secondary 0.20043 0.60148 0.27195 0.28515
Tertiary 0.06334 0.09269 0.20133 0.08815
Energy 0.00941 0.02990 0.01505 0.27725
V(value-added ratio) 0.5862 0.2302 0.4984 0.3494
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